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Abstract 
The study aims to determine whether water intake during resistance training impacts the amounts of potassium (K+), 
sodium (Na+), magnesium (Mg), and calcium (Ca) and to identify the effects of the reactions of these minerals on 
performance. Ten male university students aged between 20 and 23 participated in the study. The participants did five 
different previously-determined resistance exercises (3 sets of 8RM). During the training program, the participants did 
the resistance exercises by not consuming water in the first week and consuming water in the second week. 
(Pre-exercise and exercise days routine food and fluid intake was maintained, fluid intake restriction was applied only 
during exercise) The participants’ weight, body mass index (BMI), percent body fat, systolic and diastolic pressure, 
lactate, Borg scale ratings, and K+, Na+, Mg, and Ca were determined before and after the exercises. Training volume 
was recorded. Performing the exercises without water intake produced a significant increase in K+. During the exercises 
done with water intake, there was a significant increase in Na+. No statistical differences were determined in the 
volume of exercise done with and without water intake. The study shows that water intake during high-intensity 
resistance training does not have any effect on the volume of exercise. In addition, the changes in Na+ and K+ 
parameters do not affect the volume of exercise. Although loss of minerals is statistically significant in exercise without 
water, it is understood that the total amount of minerals lost is not enough to induce a physiological change or a 
performance change in the total resistance training volume. Water, regardless of the volume and intensity of exercise, 
promotes balance of metabolism and prevents performance degradation that can occur during sport events (Murray et al., 
1991). For this reason, water should be consumed not only in sports activities but also in daily activities. 
Keywords: mineral, thirst, hydration, dehydration, strength training  
1. Introduction 
Water is an indispensable component of metabolism. Homeostasis for sustainability of body fluid levels is important. 
Water intake is versatile. Since water intake can cause significant body fluid volume change, intake should be done with 
caution to prevent such major changes (Armstrong et al., 2016). Professional sports medical associations suggest that to 
prevent performance reduction, total body weight (BW) loss should not exceed 2 percent (Sawka et al., 2007). Water 
intake goal during exercise can prevent excessive water loss. Significant fluid-electrolyte balance changes might result 
in decreased athletic performance. The amount to compensate for water loss depends on individual sweating during 
exercise, exercise duration, exercise intensity, and water intake. Sport players should periodically consume water (when 
applicable) if they are expected not to experience excessive dehydration. While doing long exercises, especially those 
lasting more than 3 hours, water should be replaced (Casa et al., 2000; Sawka et al., 2000). As the perspiration speed 
and sweat electrolyte concentration of sport players differ according to metabolic requirements, genetics, temperature, 
training status, exercise duration, clothes, equipment, and weather conditions, recommending a water and electrolyte 
intake frequency is challenging. Dehydration with perspiration depends on various factors such as temperature, 
humidity, and type of physical activity (O'neal et al., 2013). Intense physical activity might radically increase metabolic 
rate. Therefore, during long physical activities where perspiration is increased due to high temperature, the correct 
amount and quality of water intake should be followed to avoid negative effects on exercise performance (Armstrong et 
al., 2012). There is a great deal in the literature regarding the amount of water needed in our body and the effect of 
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dehydration on metabolism (Hew et al., 2003; Martinez et al., 2018; Noakes et al., 1985; Noakes et al., 2005; Sawka et 
al., 2007). Water loss by perspiration during high-level physical activities and performance decreases are determined by 
changes in body mass index (BMI) measurement, blood-biochemical parameters (Na+, K+, Mg, and Ca), and 
intracellular fluid amount (Aslankeser, 2010; Noakes, 2002; Sawka et al., 2007). During vigorous exercise of > 20 
minutes in duration, water loss exceeds electrolyte loss, especially in hot conditions (Squire, 1990). Hypohydration 
arises from the loss of at least 2% of body water without adequate replacement. Losses of > 2% produce incremental 
deficits in physical performance; losses of > 5% cause substantially decreased ability to continue with physical activity 
and put an individual at risk for life-threatening dehydration, heat stroke, and heat exhaustion (Naghii, 2000). 
Therefore, water intake is often disregarded during physical activity. Unfortunately, studies concerning the effects of 
water intake or the opposite scenario during high-intensity physical activity on blood serum, sodium (Na+), potassium 
(K+), magnesium (Mg), and calcium (Ca) elements, and performance are few.  
Since the water fluid balance is maintained with water intake during resistance exercise, any type of performance 
decrease is unexpected. Since avoiding water intake during resistance exercise will disrupt body fluid balance, 
decreased performance is expected (Kırbas et al., 2015). Avoiding water intake during resistance exercise will change 
Na+, K+, Mg, and Ca parameters (Reece et al., 2014).  
The main objective of our study was to determine effects of water intake or avoiding water intake in blood Na+, K+, 
Mg, and Ca parameters during high-intensity resistance exercise. 
2. Method 
The study aims to determine whether water intake during resistance training impacts the amounts of potassium (K+), 
sodium (Na+), magnesium (Mg), and calcium (Ca) and to identify the effects of the reactions of these minerals on 
performance. Ten male university students aged between 20 and 23 participated in the study. The participants did five 
different previously-determined resistance exercises (3 sets of 8RM). 
2.1 Subjects 
In this study, 10 healthy men, aged 20−23 y (mean, 21.500.85 y, height: 177.102.77 cm), from a physical education 
and sport department voluntarily participated. All participants signed an informed consent form prior to participation in 
the study according to the Declaration of Helsinki and were assessed with the Borg Scale after all the exercises. The 
study was approved by the University of Uludag Human Ethics Committee (10 April 2012 2012-8/5). 
2.2 Research Protocol 
1 Repetition Maximum (1RM) Testing: The mass of all weight plates and equipment was determined with a precision scale 
and was used to calculate the 1RM of each exercise. The 1RM tests (Simao et al., 2007) were assessed in the following 
order: bench press, shoulder press, leg extension, leg curl, and lat pull-down. All machine exercises were performed on 
ESJIM fitness equipment (ESJIM Isotonic Plate System equipment, 4, TR). To minimize possible errors in the 1RM tests, 
the following strategies were adopted: (a) all subjects received standard instructions on the general routine of data 
assessment and the exercise technique of each exercise before testing, (b) the exercise technique of subjects during all 
testing sessions was monitored and corrected as needed, and (c) all subjects received verbal encouragement during testing. 
During the 1RM testing, each subject performed a maximum of five 1RM attempts of each exercise with 5-minute rest 
between attempts. After the 1RM load in a speciﬁc exercise was determined, an interval of not shorter than 10 minutes was 
allowed before the 1RM determination of the next exercise. Standard exercise techniques were followed for each exercise. 
No pause was allowed between the eccentric and concentric phases of repetition or between repetitions. This means speed 
of movement was 2:0:3, totally 5 sec. For a repetition to be successful, a complete range of motion as is normally deﬁned 
for the exercise had to be completed. Participants warmed up prior to testing by cycling for 5 minutes on a stationary 
bicycle. After a 1-minute rest period, participants were familiarized with each of the resistance machines by performing 
8-10 repetitions of a light load (~50% of predicted 1RM). After a 1 minute of rest, participants performed a load (~80% of 
estimated 1RM) through the full range of motion. After each successful performance, the weight increased until a failed 
attempt occurred. One-minute rests were given between each attempt and the 1-RM was attained within 5 attempts and 5 
minutes rest separated each test (Seo et al., 2012). 
Water Amount: The amount of water given to participants during exercise (70 min) was calculated as 5 ml per body 
weight (body weight 72.05 ±6.26kg) and (361.00±30.89ml) 14-160C (Costa et al., 2013; Noakes et al., 1985). 
Blood (Na, K, Mg, and Ca) Analysis: Blood samples taken by a specialist nurse before the warm-up and end of the 
exercise. Blood analysis was made in the Analytical Chemistry Laboratory at Balikesir University, Faculty of Arts and 
Science. The blood of the participants was placed in 10ml chemistry tubes where 5ml corresponded to serum phase 
separation and was placed in 5ml TCA solution. Phase separation of blood was done, and pure water was added to 
achieve 10ml. Obtained solutions were analyzed (Perkin Elmer Analyst 800 Atomic Absorption Spectrometer, Waltham, 
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MA, USA) for Na, K, Mg, and Ca elements. 
Exercise: The exercise program was applied with 3 sets of 8RM, 5-minute break between exercise, and 3-minute break 
between sets. Exercise volume has been calculated like that;  
Exercise volume (for one exercise) = (8RM) lifted weight x Repetition x Sets 
RM: 100kg, 8RM: 75kg, Repetition: 8, Sets:3 
Exercise volume (for one exercise) =80 x 8 x 3 = 1920kg 
Total exercise volume = Bench press volume + Shoulder press volume + Leg extension volume + Leg curl volume + 
Lat pull-down volume. 
2.3 Research Design 
The research was carried out over 3 weeks. Participants avoided their own training or any other exercise or activities for 
at least 48 hours before the experiment. Participants did a regular warm-up routine before starting each exercise 
program. Determination of maximal power was carried out in the first week. In the second week, before the exercise 
program, body weight and body fat ratio, BMI (Tanita Body Composition Analyzer, BC-418 Tokyo Japan), and blood 
pressure (Braun BP 2550, Germany) were determined, and the level of lactate was determined (Lactate Scout, 
Leipzig-Germany) with lactate measurement strips for each participant. The Borg Scale was applied for each participant 
before the exercises (with and without water intake). After a 10-min. warming up, selected exercises (bench press, 
shoulder press, leg extension leg curl, lat pull-down) for the main section were performed by the participants without 
water intake during exercise. After the exercise was completed by the participants, before cooling down, measurements 
made before the exercise were repeated. In the third week, the tests and the same resistance exercise program applied in 
the second week were repeated by the participants with water intake. Resistance exercise was applied between 11:00–
12:10 (total 70min.). The exercises were carried out in a fitness center at 210C temperature, and with 52 percent 
humidity. Temperature and humidity measurements were made with UNI-T UT333, Hong Kong. 
2.4 Statistical Analysis 
Data were analyzed by using the IBM SPSS Statistics version 20 software for Windows (IBM Corp., 2011, Armonk, NY, 
USA). Descriptive statistics were presented as mean and standard deviation. A Shapiro-Wilk test was performed to test 
for normality and paired-samples t tests were applied to determine the variables between pre-test and post-test. The 
statistical significance level was set at p ˂ 0.05 and p ˂ 0.01. 
3. Results 
There were statistical differences (p=0.091) between the volume of training performed (total weight) of participants for 
exercise without water intake (14240.901981.92 kg) and exercise with water intake (14683.701819.87 kg). 
Table I. Mean values (±SD) of physiological parameters of participants 
Variable Exercise (Without Water) Exercise (With Water) 
Pre-Test Post-Test p Pre-Test Post-Test P 
Body Mass (kg) 72.05±6.26 71.39±6.19 <0.00** 71.56±6.51 71.54±6.62 0.87 
BMI (kg/m
2
) 23.01±1.97 22.77±1.96 <0.00** 22.81±2.06 22.81±2.06 1.00 
Systolic BP (mmHg) 121.00±11.01 123.00±12.52 0.51 124.00±6.99 117.00±8.23 <0.04* 
Diastolic BP (mmHg) 73.50±9.44 67.00±13.38 0.08 69.00±9.94 74.00±8.43 0.18 
Lactate (mmol) 1.59±0.29 4.340±2.32 <0.00** 1.75±0.28 4.79±2.13 <0.00** 
Borg RPE Scale 13.40±1.17 14.10±1.52 <0.03* 12.70±0.95 13.40±0.97 <0.00** 
*p<0.05, **p<0.01, BMI: Body Mass Index, Borg RPE Scale: Rating of Perceived Exertion Scale, BP: Blood pressure 
Table II. Pre- and post-test values of K, Na, Ca, and Mg parameters with and without water intake 
Variable 
Exercise (Without Water) Exercise (With Water) 
Pre-Test Post-Test p Pre-Test Post-Test p 
K (mg/L) 863.60±356.47 1499.98±515.47 <0.00** 386.54±136.16 483.22±265.23 0.19 
Na (mg/L) 505.89±181.08 365.37±168.02 0.16 345.61±154.88 541.55±281.72 <0.02* 
Ca (mg/L) 111.90±29.24 118.34±27.64 0.56 109.28±71.58 102.60±34.68 0.82 
Mg (mg/L) 15.05±5.76 10.84±7.98 0.25 8.30±4.84 13.60±6.96 0.06 
*p<0.05, **p<0.01 
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As Table II shows, the pre- and post-test values of K+ for exercise without water intake indicated an increase at p=0.004 
level. Pre- and post-test values of Na+ for exercise with water intake showed a p=0.019 increase. 
4. Discussion 
Various studies in the literature have indicated that water intake during long exercises has effects on performance of 
sport players (Costa et al., 2013; Noakes, 2002; Singh & Peters, 2014). On the other hand, for sport players with high 
resistance capacity, it was determined that in short high-intensity exercises, Na+-K+ ATPase pump activity increased, 
and tiredness was delayed (Aughey et al., 2007). However, during high-intensity exercises (especially during resistance 
exercises), since perspiration and fluid loss are low, there are few studies in the literature that investigated the effects of 
dehydration or certain minerals at water intake (Na+, K+, Mg, and Ca) on performance (Casa et al., 2000; Coyle, 2004; 
Gonzalez-Alonso et al., 1995).  
Figure 1. Comparison of the pre- and post-test of Na, K, Blood Lactate, Borg Scale and Exercise Volume 
Sodium plays an important role in preserving intercellular fluid, muscle contractions-relaxations, and nervous system 
(Costa et al., 2013). In this study, decreased Na+ values between pre- and post-test during exercise without water intake 
increased for pre- and post-test during exercise with water intake. Singh and Peters (2014) found in the running and 
cycling field and laboratory research that water intake preserved blood Na osmolarity between 275 and 295 mmol.kg-1. 
Similar results in our study confirmed that water intake during exercise had effects on blood Na+ values (Aslankeser, 
2010; Hamouti et al., 2010; Ocal, 2007).  
During exercise, fluid loss in the body occurs with energy consumption and perspiration. It is known that excessive loss 
results in decreased performance (Noakes, 2002). During exercise without water intake, a significant decrease was 
found regarding body weight and BMI pre- and post-test difference. During exercise with water intake, no significant 
decrease was identified between body weight and BMI pre- and post-test difference. The literature supports the fact that 
BMI decreases due to water intake limitations (Aslankeser, 2010; Costa et al., 2013; Noakes, 2002; Pecanha et al., 2014; 
Singh & Peters, 2014).  
In this study, no significant difference between performance values during exercise with or without water intake was 
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identified. Pre- and post-test differences between measurement parameters during exercise with or without water intake 
created significant differences among blood Na+, K+, and BMI values as a result of dehydration. Studies showing 
similarities in the findings are seen in the literature. Previous studies (Ftaiti et al., 2001; Gonzalez et al., 1999; Greiwe et 
al., 1998; Houston et al., 1981; Jacobs, 1980; Nielsen et al., 1981; Sjogaard & Saltin, 1982; Webster et al., 1988; 
Webster et al., 1990) reported the effects of dehydration on muscular strength and power, the results are inconclusive. 
To our knowledge, anaerobic exercise performance has been previously evaluated in 4 studies, 2 of which employed 
Wingate-type cycle ergometer tests (Webster et al., 1990; Yoshida et al., 2002) and 2 of which employed supramaximal 
endurance tests (Sawka et al., 2007; Vincent et al., 2015). Dehydration (8% body mass loss) did not affect performance 
in a supramaximal (~1min.) treadmill run (Vincent et al., 2015). 
On the other hand, a 21% reduction in anaerobic power and a 10% reduction in anaerobic capacity in dehydrated (5% 
body mass loss) subjects have been demonstrated (Webster et al., 1988). 
Both of these studies used similar methodologies so that their disparate results are not easily explained. 
Moreover, Yoshida et al., (2002) stated in their study that during dehydration due to exercise, aerobic exercise tends to 
be affected more than anaerobic exercise. In studies of top- and bottom-extremity anaerobic resistance without water 
intake, performance decreased due to dehydration when exercises lasted more than 15 seconds (Jones et al., 2008). 
Studies in the literature indicated that dehydration decreases performance in aerobic exercise (Costa et al., 2013; Ocal, 
2007; Singh & Peters, 2014). 
As a result, from Jones, et all. (Jones et al., 2008) investigation suggest that active dehydration of 3.1% via exercise in a 
hot, humid environment has a negative effect on anaerobic muscular power. The results of our investigation although 
loss of minerals is statistically significant in exercise without water, it is understood that the total amount of minerals 
lost is not enough to induce a physiological change or a performance change in the total resistance training volume.  
In our research, since no high-level sport player with a suitable training program was found, and due to the high cost of 
measurement parameters (blood tests), the number of participants was limited to 10 male subjects studying at the 
University.  
In this study, no significant difference between performance values during exercise with or without water intake was 
found. However, although exercise was low, effects of dehydration were significant on serum Na+, K+, body weight, 
and BMI values. Body weight and BMI decreased in resistance exercise without water intake, caused by a body fluid 
decrease. Because of the sport education levels, numbers, physiological fluid requirements, differences in perspiration 
rates, as well as sample size, the short test durations might have caused lower levels in the results. Similar studies might 
be applied to high-level sport players to help the time effect of water intake during short intense exercises in long 
training to be understood more clearly. In terms of physiology, since aerobic performance is based on aerobic capacity, a 
high aerobic capacity of participants (large capacity activities of cellular fluid compartment) is an important criterion to 
determine the effect of water intake or dehydration on performance during anaerobic exercise. Therefore, as aerobic 
capacities of participants are undermined, the clear effect of dehydration on performance during resistance training is 
determined.   
Water affects athletic performance more than any other nutrient. Consuming fluids in sufficient amounts is essential for 
normal cellular function and of particular importance to athletes in thermal regulation. Water is the largest component of 
the body, representing from 45–70% of a person’s body weight. Muscle tissue is approximately 75% water, whereas fat 
tissue is about 20% water (Baechle & Earle, 2000). Regardless of exercise duration and intensity, water intake equal to 
the expected dehydration will help in keeping metabolism balanced and will prevent performance decreases. Either 
during exercise or during daily activity, dehydration occurs even without perspiration, so that individuals should drink 
water even if not thirsty.  
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